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Abstract 

We find out a PP-wave spacetime with constant Neveu-Schwarz (NS) three form flux 
by taking a Penrose hmit on the 1+1 dimensional intersection of two orthogonal stacks 
of fivebranes in type IIB string theory. We further find out an intersecting (D1-D5)- 
brane solution in this background and analyze its supersymmetry properties by solving 
the dilatino and gravitino variations explicitly. 
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1 Introduction 



Study of intersecting brane solutions in supergravities have played an important role in 
understanding the underlying gauge theories and their dynamics. The so called I-brane 
background which arises in the 1+1 dimensional intersection of two orthogonal stacks of 
five branes in type IIB string theory has been one of the interesting exact string background 
that has drawn lot of attention in recent past. On one hand from the holography arguments 
one could expect that the dynamics at the intersection should be holographically related 
to a 2+1 dimensional bulk theory, on the other hand there is an enhancement of symmetry 
in the near horizon geometry. Naively, looking at the theory at the intersection one can 
expect that this theory should be invariant under (l+l)-dimensional Poincare symmetry 
/S'0(1,1), however, as derived in [H |2] the near horizon geometry describes a 2 + 1 
dimensional theory with Poincare symmetry IS0{2, 1), and twice as many supercharges 
one might expect. Furthermore, in [3], these interesting properties were studied from the 
point of view of Dl-brane probe. It was shown that the enhancement of the near horizon 
geometry has clear impact on the worldvolume dynamics of the Dl-brane probe. Further 
analysis on these and related topics have been discussed in [H El El E] ■ 

In the present note we would like to take a Penrose limit on this geometry and look 
for exact string background. Penrose limit on supergravity D-brane backgrounds has been 
considered in, for example pj. Further Penrose limits on backgrounds that correspond 
to non-local theories has been studied earlier (see for example [HI ID])- For example the 
Penrose limit on the near horizon geometry of a stack of NS5- branes, was shown to produce 
a worldsheet theory which is free. Though the corresponding PP-wave background was 
shown to be supersymmetric, the D-branes seem to break all spacetime superymmetries 
although they preserve the same worldsheet superymmetries as that of flat space. This 
issue was resolved in [TT] by showing that these supersymmetries do not have zero modes 
on the worldsheet and hence do not admit local space-time realizations. Hence, unlike the 
perturbative spectrum, the D-brane spectrum of strings in the linear-dilaton pp-wave is 
not similar to the fiat space case. We would like to further anlayze the fate of these facts in 
the case of PP-wave background coming from two stacks of intersecting NS5- branes. We 
find that the Penrose limit on the I-brane geometry gives a background which preserves 1/2 
supersymmetries although the parent solution preserves 1/4 spacetime supersjTiimetries. 
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Further, for certain values of parameters this reduces to the well known Hq PP-wave 
background with constant NS-NS 3-form flux. So the sigma model action can be written 
down directly by following [12], and one can also study classical D-brane solutions in this 
background. We further present an example of (Dl-D5)-brane solution in this background 
and analyze the spacetime superymmetries. The rest of the paper is organized as follows. 
In section-2 we find out a PP-wave background by taking a particular type of Penrose 
limit on the I-brane background and find that it preserves half of the total spacetime 
superymmetry. In section-3, we write down the supergravity solution of a class of D1-D5 
solution and analyze its supersymmetries. Finally in section-4, we conclude with some 
comments. 



2 Penrose limit of I-brane background 

We consider the intersection of two stack of NS5-branes on R^'^ [T]. We have ki number 
of NS5- branes extended along (0,1,2,3,4,5) directions and ^2 number of NS5- branes 
extended along (0, 1, 6, 7, 8, 9) directions. For writing down the explicit supergravity back- 
ground corresponding to the above configuration, let us define 

y = x\ x\ x^), z = (x^ x\ x^ x^). (1) 

Further assume that ki NS5- branes are localized at the points n = 1, fci, and /c2 NS5- 
branes are localized at the points Ua-, a = 1, /c2- Every pairs of fivebranes from different 
sets intersect at different point {ya,Zn)- The supergravity background corresponding to 
this configuration takes the form[lJ 

<!>{z,y) = $1(2;) + $2(2/), 

9lJ.u 9al3 G ^'^ ^ ^"^^afi-i 9pq C ^'^ ^ ^'^^pqi 

HajJ^y = —to.l3^sd^(^2i Hpqr = —epq^gd'^^i, (2) 

where (/x, u = 0,1), (a, /3, 7, 5 = 2, 3, 4, 5), and {p, q,r,s = 6, 7, 8, 9), and $ on the first line 
of eqn. is the dilaton defined as 



e 



fci 7 2 

2($i-3>i(oo)) ^ 1 + — 



n=l 
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g2(<i.,-$,(oo)) ^ 1 + y (3) 

Our goal is to find a PP-wave background of tliis geometry wlien Zn = Va = 0. To simplify 
our notation let us denote 

g2(#i-*i(oo)) _ g2($2-<I.2(oo)) _ ^4^) 

where for coincident branes the harmonic functions are given by 

H, = l + ^, H, = l+'^. (5) 
Let us now consider the the near horizon geometry of the above configuration, i.e. 

^»1 6 

so that the harmonic functions take the following form 

Hi = Ai = H2 = X2 = hh^. (7) 

Then the metric in eqn. ([2]) takes the form 

ds^ = -de + idx^f + ^dn^ + ^dr2^ + Aidfi/^^) + Asrffis^'^ (8) 

where dfii^^^ and ^^2'^^^ correspond to the line elements on the unit sphere along (2,3,4,5) 
and (6,7,8,9) directions respectively. To describe them further we introduce the following 
coordinates 

x^ + ix^ = ricos6ie''^\ + = ri cos 6'ie''^\ 

+ = rs cos 026''^' , x^ + ix^ = rs cos 626'^' , (9) 

so that the volume elements on the sphere, and the 2-form potentials which give the volume 
forms in eqn. ([2]) are given by 

rffii^^) = rf^i^ + sin^ ^1^01^ + cos^ ^1^1^ 
hii>i = -^1 cos^ ^1' < ^1 < 2 ' = 01, ^1 < 2n, 

c/fis^^^ = rf^2^ + Sin^ ^2^02^ + COS^ ^2C^V'2^ 

TT 

^2 = A2COs2^2, < ^2 < -, = 02,^2 < 27r, (10) 



To proceed further, as a first step let us introduce two modes pi and p2 defined by 

PI P2 

n = ev^, r2 = ev^ , (11) 
and introduce two modes r, y through 

= ^ + e, = ^-^, (12) 



where 

Note that the inverse transformations of ffT2l) take the form 



P2 = , (v^r- v^i/). (14) 

V Ai + A2 

Note that this transformation imphes that the dilaton is a function of r only, i.e. 
$ = $i + $2 = ^(^i + ^2) + '^'i(oo) + <l>2(oo) 

' $0 = -gr + $0. (15) 



-\/Ai -\/A2 

After doing this substitution, the metric in eqn. (|8]) and the NS 2-form potentials take 
the following form 

ds^ = -d^ + {dx^ f + dr^ + dy^ + Aidfi/^^) + A2rffi2^^^ , 
^(/.iVi = Aicos^6'i, 602^2 = A2Cos^ 6^2. (16) 

Now we are ready to take a Penrose limit on this geometry. For the time being let us keep 
Ai = A2 = A^^. One can think that this is an example of asymmetric pp-wave coming from 
the intersection of two stacks on NS5-branes on a string. Now rescaling dt = N'^dt, the 
metric and the NS 2-form potentials become, 

ds^ = N^(^-dt^ + cos^ Oid^pl + dOl + sin^ + cos^ ^2^2 + ^^2 + sin^ ^2C?02) 
+ {dx^f + dr"^ + dy"^ 
hi^i = N^cos^6i, 6</,2^2 = A^^cos^6'2. (17) 
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Let us make the following substitution to mix coordinates among the two spheres 

ipi = cosaipi + smaip2, ip2 = — sina-i/'i + cosaV'2- (18) 
Then the metric becomes 

ds^ = N"^ — dt^ + (cos^ di cos^ a + cos^ 6*2 sin^ a)dipl + (cos^ 9i sin^ a + cos^ 62 cos^ a)dipl 

+ d6\ + sin^ 6*1^0^ + dOl + sin^ 6*2(^02 + 2 sin a cos q;(cos^ Oi — cos'^92)d'ipid'ip2 
+ {dx^f + dy"^ + dr"^. 



(19) 



Lets us now take the Penrose limits as follows [T3 



and take N ^ 00, the metric becomes 

ds^ = — {6l cos^ a + 6*2 sin^ a) {dx^Y — 2dx^dx~ 

+ #^ ^ ^ ^^^^2 ^ ^^2 ^ ^_^^^2 ^ ^^^1^)2 ^ ^^2 ^ ^^2_ ^21) 

Note that the dilaton vanishes during this limit. Further let us make the following substi- 
tutions 

Zi = ^1 cos 01, Z2 = ^isin0i, ^3 = ^2 cos 02, ^4 = 6^2 sin 02- (22) 

Now the metric takes the following form (after scaling = 2/ix^, and x~ = —x~/2fi, 
where /i is a constant) 
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ds"^ = 2dx~^dx~ - 2ij'^[{zf + zl) cos^ a + (^3 + ^4) sin^ Q\(dx'^f + ^ d^j^ + ^ rf^^. (23) 

i=l a=5 



At the same time the NS-NS B-fields become 

Bi2 = 2V2i2x~^ cosa, B34 = 2\/2jj,x~^ sina . (24) 

which gives the constant 3-form NS-NS flux 

cos a, sin a . (25) 

Let us discuss this background in a bit more detaiL Now for sin a = cos a = this 
is the well known Hq PP-wave background coming from the AdS^ x 5''^ geometry. For 
a = 0, (or 7t/2), this is the background obtained by taking the near horizon pp-wave 
limit of a stack of NS5-brane [H]. Let us now look at the supersymmetry this background 
preserve. It is well known that the I-brane background preserves 1/4 superymmetries. One 
can check that this background above preserves 1/2 of the total spacetime superymmetry 
after imposing the condition 

r+e± = . (26) 

The sigma model action can be written down directly following [12]. Few comments are 
in order now. In fact one can start with a background which is the S'-dual of the one 
that is considered here, namely two stacks of D5-branes intersecting over a line and take a 
Penrose limit. One will get the same background metric as above but the NS-NS flux will 
be replaced by the Ramond-Ramond 3-form flux. Furthermore, one can also uplift this 
to the M5 — M5' intersecting over a 2-plane and take the Penrose limit of the geometry. 
The R — R three form flux will be replaced hj R — R four form flux. Similar solutions are 
discussed in [HI |T5] earlier. 

In fact one could further notice that this background with a light like linear dilaton is 
also a solution of type IIB supergravity equations of motion. The metric, null dilaton and 
the 3-from flux in this case is given by 

8 

ds'^ = 2dx^dx~ - 2/i^(2;+)[(zi + zl)cos'^a + {zl + zj) siri^ a]{dx^y + + ^dzl, 

a=l 

= 2V2fi{x^) cos a, if+34 = 2V2fi{x~^) sin a , $ = <l>(a;+) 

(27) 
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3 Intersecting D-brane solutions 



We now write down the supergravity solution for intersecting (Dl-D5)-branes in the back- 
ground (123|) and (125|) . The metric, dilaton and the field strengths of such a configuration 
is give by 



H+12 



-1/2 



+ V 



(/1/5 

cos a, 



{2dx+dx' -2n\zl + 



1/2 8 

E 

a=5 



dzl + {hhf"Y.dz. 

i=l 

sma , 

= ^ijkldlf5, /l,5 = 1 " 



2) cos^ a + {zl + zl) siv? a]((ia;^)^) 
1/2 



,20 



Q 



1,5 



(2^ 



where /i_5 are the harmonic functions of the Dl and D5-brane in the transverse 4-space 
respectively. The above (Dl-D5)-brane configuration solves all type IIB field equations. 
One can notice that for cos a = sin a = the above solution reduces to a (Dl-D5)-brane 
solution in a PP-wave background coming from pure AdS^ x S'^ with NS-NS fiux |18] . 
Further intersecting brane solutions can be found out by applying T-dualities along the 
z"" directions. One can further check that by putting /i = 1, the above solution reduces 
to a D5-brane lying along (+, — , 5, 6, 7, 8) directions and by putting /s = 1, this reduces 
to a localized Dl-brane lying along (+, — ) directions. 

Now let us check the amount of unbroken supersymmetries the above (Dl-D5)-brane 
solution preserves. The supersymmetry variations of dilatino and gravitino fields of type 
IIB supergravity in the string frame are given by [HI |T7] , 



5\ 



± 



(29) 



(5* 



± 



AB 



+ 



^ -pAi/pa^F(5) 
2 51 Xupa/3 



(30) 



where fi, u, p, A are ten dimensional space-time indices, and hated indices refer to the 
Lorentz frame. Note that for the background fl2^ - fl2S]l . the vanishing of the above 
supersymmetry variations leads to the Killing spinors. 



Jbg) 



e 



ia+rS^sina) (0) 



-± 5 







(31) 
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where e^^"* are constant spinors. Now let us solve the above dilatino and gravitino varioa- 
tions for the (Dl-D5)-brane solution presented in fl28|l . First the dilatino variation gives 
the following condition on the spinors. 

re± - r+-V^ = 0, (32) 
r^e± + l^ei.^ir^% = 0, (33) 

(r+^2^tan«r+^^)e^ = 0. (34) 

The first two are the usual Dl-brane and D5-brane supersymmetry condition even in 
the flat space. The third condition is related to the property of this particular PP-wave 
spacetime. We will come back to this after solving the gravitino variations more carefully. 
On the other hand, solving gravitino variations gives the following conditions on the spinors 

5ij^ = 9+e±T^(/i/5)"^/^ (r^^cosa + r^Sina)e± = 0, 6^^ = d_e± = 

e± = 0, 5^± = a,e±=0, (35) 



/l fb 



where in writing down the above variations, we have made use of the condition 

r+e± = 0, (36) 

and the D-brane supersymmetry conditions written in (132|) and (133|1 . In what follows, we 
will discuss the supersymmetry for this brane solution for the parameter sin^ a = cos^ a = 
1/2, as it is more evident. One can check that imposing conditions ( 15^ . and ( 15^ 

together with 

\ _ ri25A e± = , (37) 



all the variations are satisfied. Hence the (Dl-D5)-brane solution presented above satisfies 
1/8 of the total spacetime supersymmetries, as there are only three independent conditions 
to be imposed. Similar supersymmetry analysis for intersecting branes with constant NS- 
NS flux has been presented in p^. The worldsheet superymmetries can be analyzed by 
looking at [19]. Hence we skip the details here. 
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4 Conclusions 



In this paper we have found out a PP-wave background with constant three form flux by 
taking a Penrose hmit of a 1+1 dimensional orthogonal intersection of two stack of NS5- 
brans in supergravities. This background is shown to be 1/2 superymmetric. We further 
find out an intersecting (Dl-D5)-brane solution in this background and study its spacetime 
superymmetry properties by solving the dilatino and gravitino variations explicitly. We 
have shown that unlike the PP-wave background coming from the near horizon Penrose 
limit of a single stack of NS5-branes, here the nonperturbative spectrum is similar to the 
flat space counterpart. 
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